Abstract PolyAna (available at http://www.biol.sc.edu/ *austin/) aids in the analysis of natural selection on protein-coding sequences by estimating sample gene diversity at individual polymorphic nucleotide sites, which are classified as synonymous, non-synonymous, or ambiguous.
Introduction
Technological advances of the genomic era have led to improved methods of genetic analysis for use in population-based studies (Gray et al. 2000) . In the human species, common single nucleotide polymorphisms (SNPs) have attracted a great deal of attention because of their potential association with common complex diseases and other phenotypes of medical interest (Chanock 2001; Hirschhorn et al. 2002; Landegren et al. 1998; Matsuzaki et al. 2004) . In species of conservation concern, understanding patterns of polymorphism can offer valuable insights into population histories and ongoing population processes, including the roles of recombination, genetic drift, and natural selection Hughes et al. 2008b; Morin et al. 2004; Rafalski 2002; Seddon et al. 2005) .
The most common form of natural selection in nature is purifying selection (acting to eliminate deleterious mutations). Slightly deleterious variants present in a population may be subject to more or less effective ongoing purifying selection acting to decrease their frequency. In humans, such slightly deleterious variants, present at much higher frequencies than those of classic Mendelian disease genes, may be important contributors to complex disease (Hughes et al. 2003) , while in non-human species, they may likewise contribute to phenotypic traits of relatively reduced fitness. In coding regions, most slightly deleterious variants are likely to be nonsynonymous; thus, comparing the level of polymorphism at synonymous and nonsynonymous SNP sites provides evidence of ongoing purifying selection (Dufour et al. 2000; Hughes 2005 Hughes , 2007 Hughes , 2009a Hughes et al. 2003 Hughes et al. , 2005a Hughes et al. , b, 2007 Hughes et al. , 2008a Hughes and Piontkivska 2008; Hughes 2008, 2010; Kearney et al. 2008; Putaporntip et al. 2010; Rozen et al. 2009 ).
In the human population, where most SNPs are bi-allelic, the minor allele frequency (MAF), or the frequency of the less common allele, is often used as a measure of diversity at SNP sites. However, a more general measure, usable for any polymorphic site, is the single locus ''heterozygosity'' or gene diversity (Nei 1987) . This may be particularly useful in the case of many non-human populations, such as those of invertebrates or microbes, which may have much greater effective population sizes than the human population and consequently much greater genetic diversity (Li and Sadler 1991; Hughes et al. 2008a ). Here we present a simple software program, PolyAna (Polymorphism Analysis), which computes and outputs sample gene diversity at individual nucleotide sites and classifies each site within a population of aligned protein-coding DNA sequences as synonymous, nonsynonymous, or ambiguous. Although programs such as MEGA 4 (Tamura et al. 2007 ) and DnaSP (Librado and Rozas 2009) (Tamura et al. 2007) , with each MEGA file containing 2 or more aligned sequences.
The program estimates sample gene diversity at individual nucleotide sites utilizing the formula:
where n is the number of alleles and x i is the frequency in the sample of the ith allele (Nei 1987, p. 177). Polymorphic nucleotide sites are classified as synonymous, nonsynonymous, or ambiguous according to the genetic code specified by the user. All naturally occurring genetic codes are available. A site is classified as ambiguous if either of the following conditions holds: (1) both synonymous and nonsynonymous variants occur at that site in the dataset; or (2) because of polymorphisms at other sites in the same codon, the polymorphism at the site could be considered synonymous or non-synonymous depending on the pathway taken by evolution. The latter can occur only at codons with two or more changes. For example, consider a codon site at which the codons CTA and TTC occur in the population of sequences to be analyzed. A mutation C?T at the first position of this codon will be synonymous or nonsynonymous depending on which nucleotide is present in the third position. Likewise A?C at the third position will be synonymous or nonsynonymous depending on which nucleotide is present in the first position. Unless the level of sequence polymorphism is very high, the fraction of polymorphic sites counted as ambiguous is usually small.
Applications
The computation of sample gene diversity separately for synonymous and nonsynonymous sites has a number of applications in studying the evolution of protein-coding sequences and a number of statistical analyses can be conducted by copying the output obtained by PolyAna into a spreadsheet. First, comparison of sample gene diversity at synonymous and nonsynonymous sites provides a test of the hypothesis that a population harbors multiple nonsynonymous variants subject to ongoing purifying selection, since the latter will have reduced gene diversity in comparison to synonymous sites in the same genes (Hughes et al. 2003) . The sample median gene diversity at nonsynonymous SNP sites can be compared with that at synonymous SNP tests by a Mann-Whitney test; because gene diversities are ordinarily not normally distributed, it is preferable to use nonparametric tests on medians rather than parametric tests on means .
This type of analysis can also be used to provide information regarding population history and structure, particularly because purifying selection becomes less effective when the effective population size (N e ) is small . If samples of approximately the same number of sequences are obtained from two species differing substantially in N e , gene diversity at nonsynonymous SNPs is predicted to be higher relative to that at synonymous SNPs in the population of small N e than in the population of large N e . This pattern is clearly seen in highly bottlenecked populations; for example, in live vaccine strains of viruses or other passaged viral strains (Hughes 2009a, b, c) . It also is to be expected that a similar effect will be seen in populations of conservation concern that have been subject to severe and prolonged bottlenecks.
Availability
Both the Graphical User Interface (GUI) and CommandLine Interface (CLI) applications of PolyAna v0.1, as well as a user's manual provided as a Portable Document Format (PDF), are available at http://www.biol.sc.edu/ *austin/.
